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We discuss the scalar meson mixing scenario and present an OZI rule violation mechanism 
for understanding the scalar productions in charmoium hadronic decays. We stress that 
the OZI violation could play a key role in disentangling the structure of the scalars: 
/o{1370), /o(1500) and /o(1710). 
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1. About the scalars 

The successful quark model classification for the pseudoscalar and vector nonet 
provides a natural reference for the expectation of masses of the scalar qq nonet. 
Due to the orbital angular momentum excitation which combines the symmetric spin 
to form 0^^, the quark model qq nonet is expected to have masses heavier than their 
pseudoscalar and vector counterparts, i.e. above 1 GeV. In this sense, the existence 
of scalars below 1 GeV, i.e. cr(600) and /o(980), is already a sign showing the 
non-trivial property of QCD. So far, more and more evidence suggests that (t(600), 
/o(980), ao(980) and k(800) could be Jaffe's four-quark nonet lU. Between 1~2 GeV, 
three scalars, /o(1370), fii(1500) and /o(1710), were observed at DM2, Marklll, 
WA102, Crystal Barrel El. They were confirmed at BESII in J/^ radiative and 
hadronic decays. Nonetheless, BES also reported signals of /o(1790) in J/tp — > (f)Tnr 
and /o(1810) in J/tp 7/o(1810) — > 7^0, which are different in decay modes. 
The over-crowded isospin-O scalars thus bring difficulties to the interpretation and 
classification of the scalar spectrum and raise questions on the non-perturbative 
QCD dynamics. 

In this proceeding, we will focus on /o(1370), /o(1500) and /o(1710), for which 
more experimental information is available. An essential consideration is that the 
Latt ice QC D predicts the lightest glueball to be 0++ with mass between 1.5^^ 1.7 
GeVlSElSI. This makes the scalars in this energy region an natural candidate for the 
scalar glueball. However, due to possibly large glueball-gg mixings, decisive evidence 
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Fig. 1. Production of /q in J/i/> (pf^ 



is still unavailable. Recent data expose unexpected phenomena which could be a 
chance for us to gain deeper insights into this long-standing issue. 

The systematic information from BES about these three states turned out to be 
out of expectations: i) /o(1370) which was seen in its strong decays into tttt and An, 
and hence deducted to have a large nn = {uu + dd) / \f2, is found to be produced 
preferably via recoiling instead of w in J/^/; ^ ^/oi where V = lo, (j); ii) /o(1710) 
which couples to KK strongly, is found produced preferably via recoiling lo instead 
of (j). Ill) /o(1500) is not directly seen in the invariant mass spectrum though it is 
needed in the partial wave analysis. The "scalar puzzle" arises from the OZI-rule 
expectation of the production of the scalars: it favors to occur via the singly OZI 
disconnected processes (SOZI) as illustrated by Fig. [Ifa), while the doubly OZI 
disconnected process (DOZI, see Fig. [Tfb)) should be strongly suppressed. In this 
sense, the puzzle also raises the question about the scalar production mechanism in 
J /ip hadronic decays. As follows, we will clarify the correlations between the scalar 
mixings and their production mechanisms. We will show that large OZI violations 
are expected in association with the scalars, and can be tested in experiment. 

2. OZI-rule violation in charmonium hadronic decays 

In Refs.^^^, a favor mixing scheme was proposed to accommodate those three scalars 
in a flavor-singlet basis of glueball and qq. By fitting the data for /o — > PP, where P 
stands for pseudoscalar mesons, a mixing pattern of the glueball and qq components 
is highlighted, and allows qualitative expectations of the scalar decays into other 
channels such as radiative and two-photon decays. In Ref.^^, an improved calculation 
for /o ^ PP is presented in association with the new data from J /tp — > V 
transitions ^. It is found that /o(1370) has the largest {uu -f dd)/\/2 component, 
while /o(1710) has the largest ss. The glueball component in /o(1500) turns out to 
be the largest though it is also sizeable in /o(1710). 

To be consistent with the G-qq mixing scheme, an essential question arising from 
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J/il^ ^ Vfo, is on the role played by the DOZI processes. As shown in Ref. a 
sizeable contribution from the OZI violation can explain the features observed in the 
production of those three scalars. Although the numerical results are qualitative, 
the interfering pattern among the SOZI and DOZI processes as a result of the G-qq 
mixings is rather stable. This naturally leads to the following concerns: i) What is 
the role played by the non-perturbative DOZI processes in J/i/j ^ Vfo? ii) What 
is the correlation between the G-qq mixings and the DOZI processes in the scalar 
production? 

Interestingly, the different considerations of the role played by the DOZI pro- 
cesses in J/'0 hadronic decays seem to be one of the major divergences in different 
phenomenological approaches. To be specific, negligibly small DOZI contributions 
imply the dominance of pQCD transit ion s, and also small G-qq mixings. Based on 
this, a criteria pointed out by Carlson and recently developed by Chanowitz^m 
is the chiral suppression mechanism for J = giueballs. Due to the fact that in 
pQCD the amplitude is proportional to the current quark mass in the final states, 
the J = giueballs will have larger couplings into e.g. KK rather than tttt. For 
J 7^ 0, the decay amplitude is flavor symmetric. In association with the lattice 
QCD calculations, /o(1710) is thus proposed to be a glueball candidate. However, 
as pointed by Chao et at, the chiral suppression does not materialize itself in the 
hadronization process. Thus, the observation of relatively large r b.r. to KK for a 
candidate does not necessarily lead to its being a glueball ^1^1121 

In contrast, the study of Isgur and Geiger by calculating hadronic loop contri- 
butions to meson propagators suggests that large OZI violations occur in the 
sector while systematic cancellations are found in other nonets I^^J A gen eral argu- 
ment for the large OZI violations in 0++ is provided by Lipkin and Zou^ ^. QCD 
sum rule calculations also support large OZI- rule violations in the scalars ttSHZHSl, 
Unquenched lattice QCD calculations of the glueball spectrum should be crucial for 
clarifying the above two major scenarios. 

In J/ip hadronic decays, some experimental evidence seems available for large 
OZI violation effects. The reaction, J/tp ^ Vfo, can occur via intermediate meson 
rescatterings, i.e. J/i/j K*K -I- c.c. Vfo and/or J/4> — > /Ott ^ Vfo- Since 
J/tp — > K*K -\- c.c. and J/tp pir are two of the largest decay channels of J /ip, 
the intermediate meson rescatterings as the dominant contributions to the DOZI 
processes may not be small. Theoretical study of such processes should be able to 
clarify the role played by the DOZI processes in J/^ Vfo and provide insights 
into the scalar structures. 



3. Intermediate meson rescatterings 

Following the meson exchange mechanisms, we calculate the meson loops in Fig.[2]as 
a leading contribution to the doubly disconnected process. The transition ampliude 
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Fig. 2. The OZI violations from intermediate K*K and pir meson exchanges as dominant con- 
tributions to the doubly disconnected processes. 



can be written as 

- - / WY^^' (^'^ - ^) ^o.T.^S\po - P. - Ps) , (1) 
J {2Trp V Pi J 010203 

where the vertex functions are 

~ M Pvtitf^p2a, 

T- .90 CT T cr 

Mq 

To = igsMs , (2) 

and fli = p\ — mf + ie, a2 ^ p^ — in\ + ie, and — pi, — + ie are the denominators 
of the meson propagators. The couphng constants g^, gs and go can be determined 
independently in meson decays. For the J/iJj hadronic decays, large branching ratios 
for J/f/; — > K*K + C.C. and pn + cc. imply that the meson loop transitions may have 
significant contributions to those decays where the final state mesons have also large 
couplings to the exchanged mesons. This is indeed the case for J/ip ^ T^/o(1710), 
where the couplings for (f)K*K, ujK*K, and fo{1710)KK are significantly large. 
Therefore, this simple argument will allow us to consider only the dominant meson 
exchange loops in the calculations. 

In the above equation, the coupling go can be determined by the decays of 
J/^ -> K*K + c.c. [Fig.lSIa) and (b)], or J/V^ ^ pn + cc. [Fig. [^c)], of which large 
branching ratios are observed in experiment, e.g. 



2 _ ^^"^"0 -pexp /ON 
90 - |„ 13 ^ J/^-,VP ' W 



127rM2. 

where Tj';^^^,^^^ ^ = (9.2 ± 0.8) x lO'^ and F^^.,^^^^^ = (1.27 ± 0.09)% are 
from the estimate of Particle Data Group 
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For /o — > KK in the fo cm. system, the couphng constant can be derived via 
= 87rr^'^^^^/|k|, which is consistent with the studies of fo PP in the deter- 
mination of the mixing matrix elements!^ |k| is the magnitude of the three momenta 
carried by the final-state kaon (anti-kaon). With the estimate of b.r.f^^j^^ — 0.60^, 
and Ft (1710) = 140 MeW^, we have T^J^^^^ = 84 MeV; the couphng can then 
be determined. We determine the VVP coupUngs, i.e., g,pK*K, gujK*K, and gujp-K, 
in the SU(3)-flavor-symmetry hmit with g'^po^o — 84 is determined in vector meson 
dominance (VMD) model in a; ^ vr^e+e" 11^. 



Table 1. The intermediate meson exchange contributions to the decay 
of J/ip — > V fo — ► VPP with a dipole form factor. The data are from 
BES. 



(xlO--*) 


/o(1710) 


/o(1500) 


/o(1370) 


b.r.{J/^ ^ 0/o) 


1.73 


0.24 


0.15 


b.r.(J/i)^<l,fo^4>KK) 


1.04 


0.02 


0.00 


fe.r. (cxp) 


(2.0 ±0.7) 


(0.8 ± 0.5) 


(0.3 ±0.3) 


b.r.(J/il> ~* uifo) 


1.43 


0.19 


0.11 


b.r.{J/ip wfo ioKK) 


0.86 


0.02 


0.00 


b.r. (exp) 


(13.2 ± 2.6) 






b.r.{J/i> -+ a;/o) 


0.57 


2.59 


3.43 


b.r.{J/ip u)fo — > unnx) 


0.04 


0.90 


0.69 


b.r. (exp) 









In Table [H the intermediate meson rescattering contributions to the branching 
ratios are listed. It shows some of those transitions play an important in J /ip — > V Jq^ 
and can produce significant branching ratios compatible with the experimental data. 
This can be regarded as an instructive hint about the OZI violation effects in the 
J /tp hadronic decays. 

The intermediate meson rescatterings can be compared with the "tree" diagram 
for J/V^ VP + c.c, e.g. J/ip K*K + c.c. and J/ip ^ pn + cc. Since the J/ipVP 
vertices are the same between the tree and loop transitions, the ratio between the 
intermediate meson rescattering loop and the tree process of J/tp — *■ VP + c.c. will 
highlight the OZI violations in this dynamical process and can be related to the 
scalar flavor contents by measuring the following fraction 1^01 

j^ozi ^ ^J/i>^<Pfi,^4>KK ^ |P0»| [xj+y, + V2rzi]'^ 

where Xi, yi, and Zi are the mixing angles of G, ss and (uu + dd)/\/2 components 
for scalar i; Parameter r denotes the relative strength between DOZI and SOZI 
transitions, which can be estimated by the ratio between the intermediate meson 
rescattering loop and the tree process. Since apart from the kinematic factors |p0i| 
and Ipuii], the only energy-dependent factor in Rf^^ is r, one can thus measure 
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ffOZi both J/4> ^ Vfo and T — > Vfo, where r is expected to change from a 
sizeable value in J/ip decays to a smaller one in T decays, to test the configuration 
of the scalars ^SI. 

4. Summary 

In brief, we discussed a possible way to determine the scalar structures by clarifying 
the role played by the OZI-rule violation. The latter was correlated with the glueball- 
QQ mixings in J/^ — > V/q. Since the flavor wavefunctions for co and (j) are almost 
ideally mixed, the decay channels into to and in association with the scalar mesons, 
respectively, serve as a flavor filter for probing the QQ contents of the scalars. This 
allows us to separate out the doubly OZI disconnected processes, of which the effects 
can be measured by the branching ratio fractions between 0/o and w/g, i.e. Rf^^ ■ 
Since the energy evolution of Rf^^ is mostly determined by the energy evolution 
of the doubly disconnected processes relative to the singly disconnected ones, the 
suppression of the doubly disconnected process at higher energies, e.g. in T decays, 
will lead to dramatic changes to Rf^^ with certain patterns. Observation of such a 
change will provide direct information about the scalar meson structures. 
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